Abstract. In order to alleviate the smelly odor of microbial coagula, C1375 liquid deodorant was mixed with microbial coagulation liquid in the fresh latex before coagulation began. Then the effect of strain C1375 addition on fresh latex microbial coagulation and its volatile component content was investigated. Slight influence on fresh latex microbial coagulation was observed from the C1375 deodorant addition. Compared to the original microbial coagula, the C1375 added coagula contained more compounds of alkyl alkene while less benzene series. Besides C1375 liquid deodorant can effectively reduce the content of 3-methyl indole, phenol, L-limonene and other volatile substances, which leads to efficient reduction of the wet microbial coagula smell.
Introduction
In China, acid coagulation is a common method for nature rubber latex coagulation. The collected fresh latex was firstly preserved with ammonia and then centralized for massive acid coagulation. In this manner, lots of non-rubber components which are usually natural antioxidants and vulcanization accelerator of rubber would be lost after processing [1] . Therefore, compared with the naturally coagulated rubber, the rubber from acid coagulation exhibits poorer curing properties and oxidation resistance, which limits the production of High-quality rubber. However, natural coagulation requires a long period and may not be carried out completely, thus failing to meet the requirement of large-scale production. Previous studies showed that rubber from artificial microbial coagulation has similar quality as from natural coagulation [2] [3] [4] [5] . So in recent decades Chinese researchers have conducted a lot of studies on latex microbial coagulation to obtain high-quality rubber products [6] [7] [8] [9] [10] [11] .
Microbial coagulation is a method of latex coagulation realized through manually inoculating microorganisms or microbial metabolites into fresh latex. It can accelerate the natural coagulation rate and shorten the coagulation time. Typically, the operation is to add carbohydrates required by microorganism growth to latex or inoculate corresponding strains with or without its nutrients.
The researchers at Agricultural Product Processing Research Institute of CATAS have discovered a new way to improve the microbial coagulation of natural latex after years of efforts. Through strict screening of the strain for fresh latex coagulation, the selected strain NG1 under liquid culture can coagulate ammonia-free fresh latex within 0.5-2 hours. The technology has greatly changed the status quo that fresh latex must be preserved with ammonia and then coagulated with acid. It can be easily applied in rubber plantations, latex collecting stations and processing plants with the advantages of reducing production cost as well as labor intensity of rubber tappers, and improving the product quality to meet requirements of a radial tire. So it is believed that this method is valuable for various applications.
However, one limitation is that if the microbial coagula are not processed in time, they will stink in accumulation because of excessive nutrients (coagulation liquid containing carbohydrates) which are suitable for microbial growth, therefore releasing heavier odors than acid coagula.
To alleviate the smell, we applied existing biological deodorization technology to the latex microbial coagulation [12] [13] [14] [15] [16] [17] , where microbial deodorizer C1375 was mixed with the microbial coagulation liquid at a certain proportion. Deodorant with a lasting activity added during the coagulation stage would inhibit odor from its source and reduce the release of stink during storage and processing.
Herein, we evaluated the effect of deodorant strain addition on latex microbial coagulation and analyzed the subsequent content changes of volatile components with the combination of gas detector and headspace micro-extraction Gas Chromatography-Mass Spectrometer (GC-MS) technique.
Experimental

Materials
NRL used to prepare latex coagulation was obtained from Fengyong Farm (Guangdong, China). The C1375 liquid deodorant and the NG1 microbial coagulation liquid were obtained from Agricultural Product Processing Research Institute, CATAS (Guangdong, China).
Samples Preparation
Fresh natural rubber latex was divided into 4 portions with each weighed 1 kg and mixed with different coagulation liquids respectively according to Table 1 . Then the complexes were stirred thoroughly, and the coagulation effect was observed. 
Recording the Odor Change of Wet Rubber Coagula
Each coagula sample after water draining was placed in a sample bag or a small mouth container and kept direct contact with the outside air. The gas detector continuously recorded the peak value changes in the smell of wet rubber coagula during the storage period.
Headspace Solid Phase Microextraction
2 g sample was loaded into a special 20ml vial and preheated for 10min at 70 ℃ while oscillating at 250 r / min. Then the fiber head was hung over the sample for 5min adsorption at 70 ℃ and then inserted into GC injection port at 250 ℃ for 1min desorption.
GC-MS analysis Parameters
GC-MS analysis was performed using an Agilent 7890A GC coupled with 7693 autosampler, 5975C MS, and computer with MassHunter software (versionB.05.00412) for data acquisition and processing (Agilent Technologies, Palo Alto, CA, USA). Analytes were separated by two Rtx-5 msUltra Inert capillary columns from Agilent (0.25 mm i.d. × 15 m, 0.25μm film thickness). The column head pressure was set at 100KPa using helium as a carrier gasat a constant flow rate of 1.2 mL/min. The column temperature was programmed as following: the initial temperature was 30 °C (held for 2 min) and 5 °C /min increased to 180 °C (held for 1 min), then again 5°C /min increased to 280 °C and(held for 2 min). The total run time was 55 min. The injection volume was 1.0 μL in splitless mode. The ion source and transfer line temperatures were 200 °C and 280 °C respectively. The scanning range was 20-450 M/Z.
Results and Discussion
Comparison of Coagulation in Different Coagulation Modes
The coagulation results of different coagulation modes were shown in Table 2 . Table 2 shows that the C1375 liquid deodorant can affect the speed of latex microbial coagulation, because the pH closer to the latex isoelectric point, but barely influence the final coagulation.
Odor Changes of Wet Rubber Coagula during Storage
The odor changes of each wet rubber coagula during storage were measured by gas detector as shown in Table 3 . Results of statistical analysis by software SAS9.0 are shown in Table 4 and Table 5 . The data analysis indicated that the odors of coagula sample during storage were significantly altered, and different coagulation modes affected the odor change. The odor differences of acid rubber coagula and natural rubber coagula are not significant. However, the differences between natural rubber coagula, microbial coagula and C1375 microbial coagula are obvious. This result suggested that the volatile components of rubber coagula were largely affected by the microbial factors during storage, and the C1375 liquid deodorant reduced the volatile content. 
The Volatile Components Analysis of Wet Rubber Coagula
Volatile components of four kinds of wet rubber coagula were analyzed by GC-MS, and Figures 1 showed the MS spectra of the volatile components from natural coagula, the acid coagula, the microbial coagula and the microbial coagula with C1375 liquid deodorant, respectively. After elimination of interference and area normalization, the components were searched out in the database of the mass spectrometer. We detected 42 volatile components from natural coagula, 44 from the acid coagula, 57 from the microbial coagula and 52 from the C1375 microbial coagula. It can be summarized that different coagulation modes would cause different volatile chemical compositions. Additionally, the volatile compositions of the acid coagulation were obviously different from the other three coagulation modes. Since each coagulum contained many trace volatile components, this experiment only focused on the components with relative content greater than 1%. The results are shown in Table 6 . Benzene, 
It can be seen from Table 5 that 26 volatile components with the relative content greater than 1% were detected from the four rubber coagula. The volatiles are mostly esters, alkenes, sulfur compounds and compounds containing benzene ring. Among the 26 compounds, there are 6 common components. L-limonene, 3-methyl indole, benzene and α-pinene made the largest contribution to the natural coagula odor. L-limonene has a mild odor like petroleum, 3-methyl indole commonly known as skatole, and α-pinene smells like turpentine. These compounds together with other trace volatile substances form the special smell of natural coagula during storage.
Methyl-d31-Dideuterio-2-propenyl Ether, L-limonene, dimethyl disulfide and 3-Methylbutanoic acid methyl ester are the 4 highest-content compounds found on acid coagula volatile compositions. Dimethyl disulfide gives out stink, and a certain concentration can cause acute poisoning. The relative contents of phenol, 3-methyl indole and L-limonene all surpassed 10% in the microbial coagula volatiles. The special smell from phenol together with 3-methyl indole and L-limonene made the microbial coagula release unbearable smell during storage. The main volatile components of C1375-containing microbial coagula were dimethyl trisulfide, L-limonene and benzene, whose amount as well as species was less than the former three coagula. Phenol content was reduced to below 1%, 3-methyl indole decreased from 12.98% to 2.35% and L-limonene dropped from the highest 20.35% down to 9.17% compared to the natural coagula, which was consistent with the gas detector data.
Effect of C1375 Liquid Deodorant on Volatile Composition of Microbial Coagula
According to the above data, microbial coagula contained 57 kinds of volatile components, while the C1375-containing microbial coagula included 52 kinds of volatile components. They shared 33 common volatile components, most of which were alcohol, ketones, esters, alkanes, terpenes and benzene compounds but with different contents. This result indicated that the C1375 liquid deodorant affected the type and content of microbial coagula volatile components. Table 7 shows the species and content of the two coagula volatiles components. Table 7 presents the category and content of the detected compounds from two coagula volatiles. It can be easily found that certain differences existed between the two coagula. Compared with the original microbial coagula, the C1375 added microbial coagula contained more alkyl alkenes compound and less benzene series. However considering the relative contents of different compounds among one coagulum volatile, the composition profiles were almost the same with or without the C1375 addition.
Conclusions
In our experiments, the addition of deodorant bacteria was observed to have a slight influence on fresh latex microbial coagulation. Compared to the original microbial coagula, the microbial coagula with C1375 addition contained more alkyl alkenes compound and less benzene series. Meanwhile, C1375 liquid deodorant can effectively reduce the content of 3-methyl indole, phenol, L-limonene and other volatile substances on microbial coagula, and alleviate the wet microbial coagula smell.
